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COMPLETE SPECIFICATION 

A Compression Ignition Engine Fuel System 



We, Caterpillar Tractor Co., a cor- 
poration organized and existmg under the 
laws of the State of California, United 
States of America, of 800 Davis Stoeet, San 
5 Leandro, State of California, United States 
of America, do hereby deolare the invention, 
for which we pray &at a patent may be 
granted to ns, and the method by which it 
is to be performed, to be particularly 

10 described in and by the following statement: 
This invention relates to engine fuel 
systems and particularly to a fuel system for 
a compression ignition engine which may be 
required to burn different kinds of fuel. 

15 Military specifications for engines often 

• require that they be capable of operating on 
a wide variety of fuels for tactical purposes 
and in emergencies. Compression ignition 
type engines are best adapted to multi-fuel 

20 operation but difficulties arise with fuels of 
low cetane rating. The cetane number of a 
fuel is an indication of its ability to ignite 
under compression and gasolme with a very 
low cetane rating is extremely difiicult lo 

25 ignite by compression. On the other hand, 

' fuel oils and lubricating oils have high 
cetane ratings. It is impractical and un- 
desirable to build engines widi sufficiently 
high compression ratio to insure ignition by 

30 compression of gasoline imder all operating 
conditions. Since gasoline is frequently 
available in abundance as compared to other 
fuels, the desirability of includmg it as a fuel 
for mflitary purpose is evident. 

35 It has been recognized that the addition 

•' of even a small quantity of fuel of relatively 
high cetane number added to gasolme fuel 
greatly improves its performance in a 
compression ignition engine. However even 

40 a small quantity of oil added cootinuously 
over long periods of operation requires that 
a large stock of oil be available. 
' Tests leading to the conception of llie 



present invention have shown that low 
cetane rated fuels result in satisfactory 
operation of low compression ratio engines 45 
under some operating conditions. ' For 
example a turbocharged engine of the pre- 
combustion chamber lype with low 
compression catio operates satisfactorily on 
low cetane fuel at low speeds, for example 50 
1,000 rpm and lower. It also operates well 
at high speed except m the event of low 
manifold pressure, say five inches Hg 
gauge. 

It is therefore the object of the present 55 
invention to provide an engme fuel system 
with improved means for injeotmg small 
quantities of a secondary fuel with the 
regular fuel and to provide means for intro- 
ducing the secondary fuel only under certain 60 
operating conditions. 

It is a further object of the invention tc 
provide means for introducing a smaU 
quantity of secondary fuel into the primary 
fuel supply at a point proxunate to the 65 
injeotion of fuel into the en^e combustion 
space. 

Further objects and advantages of Ihc 
invention and the manner m which it is 
carried into i^ractice are set forth in the 70 
following specification wherein the inventioi 
is described in further detaU by reference 
to the accompaaying drawing. 

In tiie diowing: 

Fig. I is a schematic plan view of a 75 
compression ignition engine and fuel system 
therefor embodying the present invention ; 

Fig. 2 is a schematic view illustrating a 
portion of a fuel pump and showing an 
injection nozzle and mechanism of the 80 
present invention associated with the pump 
and nozzle for iotroduciiig small quantities 
of a secondary fuel kto the regular fuel of 
an «ngme. 

Referring first to Fif. 1 of the drawing, 85 



an engine is generally indicated at 10 as to the manifold by either of the pumps 15 65 

'^ZtZJmP^'flfii^. £ ha" "in V to introduce a .raall quandty of 

r tSSger geiera^ly indicated at 13. secondary oil from the manifold 36 into the 

A comb3 full pump and- governor passage .leading to the mjection nozzle 30; 

hous^K i^lhown at 14 and a fuel transfer a momentary condition of low pressure is 70 

numn 15 dSs fuel from a tank such as created in the line iS^pnce for each stroke 

fSted S K L fuel pump, housing of the plunger 26. This is accomplished by 

vw^indi^iy^ fud ™^ direct the providing what is known as a skirt on the 

10 Sund^ irSSc ZoU Hnes 18. to the check valve 27 This ^rt is m the form 

several combustion chambers of the engine, of a solid cylindrical portion ^J, adjacent 75 

The auantitv of fuel injected upon each the conventional tapered- valve seat, which 

Sy ifcLroUed by ^ governor (not slidably fits the bore in-^vhich the valve is 

Sn) inX Sing 14, the setting of disposed As a consequence the valve 

15 S may be changed as by a foot pedal opens under pump pr^sure only after the 

20 and comfectlig llikage shown at 21. skirt leaves the bore and ^P°^f 

ThP infeption svstem is shown m gieater valve under influence of sprmg 2a. closing 

the manifold and the pump cylinder 25 in which, includes the line IS and- att of: te. 

Sh'^^SXI.tt WeS iSafe 30 -The fpKS and ons or fc oHier of .tails 4i 

SSSlon space of fte'e.gine to fusl .«'»» »*V'JX?f ImIi "hS 

1l£^S,='?S«es.»l.^. "1?-"4^^^^^ 

« SsSwSSoftiiNM ;Mv„fpiS.&^ 

^H^fta^roe of supply of a suitable for actuatmg l3iis valve. As shown_ m Fj& 110 

iTJTu fnir^ch mav iSricati^^ oil 1, the solenoid actuated valve 40 is fflcJuded- 

i^^fs^i^SA ahs inlig. in the circuit whiqh induto a batteiy 5 V 

! Fnelfi^ iwrsupply is delivered. to the and two switches 52 and 53 in series. The 

hv r«umo 39 and under switch 52 is dispos^ for actuation by the 



Z trated in FiH. rsf^ouV-lveTThe fhe has beeii depr^sed to^c^^^;^^^ 

a chamber also has a- passage 42 for operation at a speed of say l.OGO rpm at 

coSnlSto between Ae chL^^^^ which ignition failure might be expected 

« fSKTwhfch coi^unicates with all with the low cetane fuel. However, since 

^ of the mfeing vS a^^^^ tank 16 ignition failure is. not expected^excepl in 120 

so Sat-ThTSSd ^pressurized by- fuel (He event oMow intake manifoWpressure 

transleVouiro iL this line 43 is also the switch 53 is pressure actuated to an 

SfcSolol ihe spool valve 40. Com- open-positionand closes only upon r^iucUon 

SSSitoSTttspresiitidelivOTa conditloM prt-iUns *(* Bod to puwoto 
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ignition failure, both switches are closed and 
the solenoid 50 is actuated to communicate 
pressure to the iBanifoId 36 and thus permit 
introduction to the fuel system of a small 

5 quantity of high cetane fuel for each stroke 
of the pump plunger. 

During normal operation when ignition 
failure is not expected, the manifold 43 is 
pressurized because of the normal ptMition 

10 of the valve 40 shown- in Fig. 2 and Uie 
momentary low pressure condition between 
the fuel pump and the injection nozzle 
simply causes the introduction of a small 
quantity of the low cetane fuel upon which 

15 the engine is operating. 

It is possible to eliminate tihat poition 42 
of the mixing valve which introduces the 
low cetane fuel ; however the consbructinn 
shown is preferred because it insures ihat 

20 the volume and pressure of fluid between 
the check valve 27 and the valve in tihc 
nozzle 30 is the same for each injection 
stroke of the plunger. This insures uniform 
timing and smoother engine operation. 

25 The configuration of the mixing valve is 
exaggerated in the drawing because the 
actual clearances are quite small. In 
practice the balls do not leave their seats 
more than about .03 inch. The position of 

3" the parts as shown in Fig. 2 is with the 
pump plunger approachmg bottom dead 
center. Valve 27 has closed causing 
unseating of ball 45 to admit low cetane 
fuel. The ball is reseated as the plunger 

35 commences its upward or pressure strofe. 
WHAT WE CLAIM IS :— 
1. A fuel system in a multi-cylinder 
compression ignition engine having pump 



means for a primary fuel, a conduit from 
the pump means to each cylinder, a source 40 
of secondary fuel under pressure lower than 
the pressure delivered by said pump means, 
passage means communicating secondary 
fuel from the source to each of said conduits, 
and check valve means in each said 45 
passage means to admit secondary fuel to 
the conduits only at spaced intervals of low 
pressure of primary fuel in the conduits. 

2. The combination of claim 1 with a 
source of primary fuel under pressure lower 50 
than that delivered by the pump, passage 
means communicatiDg such low pressure 
primary fuel from its source to each of said 
conduits, and check valve means in each 
said last named passage means to admit 
low pressure primary fuel to the conduits 
only at spaced intervals of low pressure of 
primary fuel from the pump means. 

3. The combination of claim 2 with 60 
valve means controlling flow selectively of 
the low pressure primary and secondary 
fuels. 

4. The combination of claim 3 in which 
the two check valves for low pressure fuels 65 
for each conduit comprise two ball checks in 
opposite sides of a smgle chamber which 
mtersects flie path of flow of fuel from said 
conduits. 

cetane 5. A fuel s;^stem in a multi-cylinder 70 



the accompanying drawings. 

MARKS & CLERK. 
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' SHEET jiiig drawing is a reproduction of 
the Original on a reduced scale. 




